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to  b.  Purpose:  To  determine  the  physiologic  effects  from  wearing  flame- 

proofed  garments  in  hot  environments,  with  particular  reference  to  the  heat  load 

|  imposed. 

2.  DISCUSSION: 


Protection  of  personnel  against  fire  has  always  been  a  problem  in  armored 
vehicles.  A  high  proportion  of  the  tanks  knockod  out  in  combat  burn,  and  tho 
incidence  of  burns  to  total  casualties  is  disproportionately  higher  in  tank  crews 
than  in  other  combat  arms.  The  increasing  use  of  flame  as  an  offensive  weapon  by 
ground  troops  emphasizos  the  necessity  of  adequato  protection  of  personnel  against 
fire.  As  one  of  the  means  of  protection,  flameproof ed  clothing  has  been  developed. 
However,  the  impregnation  of  clothing  with  flame  resisting  substances  raises  new 
problems  apart  from  the  actual  flame  resistance  of  the  garments. 

It  was  the  purpose  of  this  investigation  to  study  corns  of  those  new 
problems,  principally  those  dealing  with  (1)  the  heat  load  imposed  by  the  clothing, 
(2)  U -  general  acceptability  of  the  clothing  from  the  standpoint  of  its  flexibility, 
porosity  and  ccmfort,  and  (3)  possible  toxic  effects  from  the  impregnite,  both 
locally  in  the  form  of  skin  rashes  and  systonically  in  whatever  manner  they  night 
be  manifested.  Of  these,  tho  question  of  the  heat  load  of  the  clothing  is  particu¬ 
larly  important  to  the  Armored  Command  because  in  hot  climates  clo3od  armored 
vehicles  may  develop  internal  environments  which  are  more  severe  than  any  naturally 
occurring  climate.  Such  conditions  impose  sevoro  stresses  on  the  ere;.',  making 
additional  thermal  loads  undesirable. 


The  garments  wore  prepared  by  the  Technical  Division  of  Chemical  Warfare 
Service.  The  impregnating  forr  .a.  of  the  flameproofed  clothing  here  studied  wa3 
chlorinated  paraff in/CC-2/ zinc  oxide/aluminum  stearate/acetylone  tetrachlorido  in 
the  following  amounts  by  weight  139/139/139/17/1623.  These  garments  woro  labelled 
”D ** .  The  initial  pick-up  was  47/  of  the  original  garment  weight.  As  this  was 
considered  to  be  excessive,  it  was  reduced  to  32/  by  one  laundoring  prior  to  ship¬ 
ment  for  test.  The  impregnite  was  designed  to  protect  against  both  fire  and  chemical 
warfare  agents.  Garments  impregnated  with  compounds  to  protect  against  flame  alone 
were  not  available.  For  comparison,  the  men  worked  nude  or  in  herringbone  twill. 
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It  haa  boon  assumed  that  adequate  fire  resisting  qualities  had  been 
imported  to  the  test  clothing  nr.d  that  these  qualities  were  retained  throughout 
this  study.  Representative  garments  have  been  submitted  to  proper  agencies  for 
flame  resistance  tests.* 

In  the  design  of  these  experiments,  three  categories  of  hot  environments 
wore  chosen: 


a.  Naturally  occurring  climates 

(1)  Hot  temperate  -  D.B.  100°F,  W.B.  90°?. 

(2)  Hot  humid  (tropical)  -  D.B.  90°?,  W.B..  88°F. 

b.  Severe  conditione  which  may  occ  lr  within  tanks 

D.B.  120°F,  W.B.  S0°F  to  90°F. 

c. ,.Tho  upper  environmental  limits  at  which  men  can  work; 

(1)  Saturated  conditions  D.B.  95°F,  Y/.B.  94°F. 

(2)  Hot  dry  conditions  D.B.  120°F,  W.B.  92°F. 

The  test  period  consisted  of  four  (4)  hours  of  continuous  work  requiring  the  expendi¬ 
ture*  of  approximately  250  Cals/hour,  equal  to  the  energy  expenditure  of  a  tank  driver 
during  rough  cross  country  driving. 

3.  CONCLUSIONS t 

a.  In  hot  environments  simulating  severe  naturally  occurring  hot  temporato 
(D.B.  100°F,  W.B,  rO°F,  relative  humidity  U3%)  and  hot  humid  (tropical,  D.B.  90°F, 
W.B.  88°F,  relative  humidity  92^)  climates; 

(1)  Well  acclimatized  men  are  capable  of  working  effectively,  without 
disability  and  with  equal  efficiency  whether  they  wear  regulation 
herringbone  twill  or  flamoproofod  "D"  garments. 

(2)  In  comparison  with  the  nude  state,  this  clothing  imposes  only  a 
slight  heat  load  and  two  layers  of  clothing,  with  or  without  hood 
and  gloves,  are  tolerated  easily  and  almost  as  well  as  one  layer 
of  clothing. 

b.  In  hot  environments  simulating  those  found  within  tanks  (D.B.  120°F, 

W.B.  88°  to  90°F,  relative  humidity  30*)  operating  in  hot  climates; 

(l)  .  Clothing  imposes  definite  and  considerable  heat  loads.  In  the 

performance  of  a  given  amount  of  work,  clothed  men  exhibit  greater 
physiologic  changes  than  nude  men. 


*  N.R.C.  Project  Q.H.C.  No.  27,  Preliminary  Report  Sub-pro Jeot  27-A5*X-2,  dated 
30  April  1945. 
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(2)  Fit,  well  acclimatized  men  are  still  capable  of  working  effective¬ 
ly,  and  without  disability  when  clothed  in  single  layer  herringbone 
twill  or  single  layer  flameproof ed  "D"  garments. 

(3)  For  a  given  amodnt  of  work,  greater  physiologic  changes  are  in¬ 
duced  in  men  wearing  single  layer  flameproof ed  "D"  clothing  than 
in  men  clothed  in  single  layer  herringbone  twill  garments. 

c.  .  '•  v.he  upper  limits  of  hot  environments  in  which  men  can  work  (0.  B.  95° 
W.B.  94°?,  relative  humidity  962;  and  D.B.  120°F,  W.B.  92°F,  relative  humidity  352) 

(1)  Clothing  now  imposes  a  critical  heat  load  which  decreases  the 
ability  of  men  to  work.  It  lowers  the  limiting  wot  bulb  tempera¬ 
ture  of  the  upper  environmental  limits  by  from  2°F  to  4°F. 

(2)  In  this  regard,  single  layer  flameproofed  nD"  clothing  has  a 
greater  and  more  deleterious  effect  than  single  layer  herringbone 
twill. 

(3)  The  effect  of  clothing  (single  layer)  on  the  limiting  wet  bulb 
temperature  of  the  upper  limits  at  which  men  can  work  for  four  (4) 
hours  is  sunsaarized  in  the  following  table. 


f 

s 

Limiting  Wet  Bulb 
Saturated  Environments 

Limiting  Wet  Bulb 
Environments  with  D.B.  120°?.  | 

Difficult 

Impossiblo 

Difficult 

Impossible 

Nude 

• 

94 

96* 

92 

94* 

Single  Layer  Herring¬ 
bone  Twill 

92 

94 

90 

92 

Single  Layer  Flame¬ 
proofed  nD"  Twill 

92 

94 

83 

90 

*  Established  in  a  previous  study. 


d.  The  principal  differences  between  the  herringbone  twill  and  flame- 
proofed  "D"  garments  are: 


(1)  With  wear,  herringbone  twill  rapidly  becomes  pliable.  The  flame- 
proofed  ”D"  clothing  remains  rather  stiff,  hard,  coarse  and  is 
physically  irritating  to  the  skin. 

(2)  Herringbone  twill  readily  absorbs  water  while  the  flameproofed 
“D"  garments  appear  to  be  relatively  water  repellent. 

(3)  The  physical  gradient  for  evaporation  (volume  sweat  evaporated 
per  square  meter  of  surface  area  per  mm  Hg  difference  in  water 
vapor  pressure  at  the  temperature  of  the  skin  and  tho  environment) 
through  flameproofed  "D"  clothing  in  the  erect  subject  was  found 

to  be  roughly  two-thirds  of  the  gradient  through  herringbone  twill. 

•  3  , 
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o.  Tha  flameproof ed  WDM  clothing  did  not  produce  toxic  changes  of  either 
&  local  or  systemic  nature. 

f.  Healthy,  fit,  v.’oll  acclimatized  non  can  work  effectively  in  hot 
surroundings  when  wearing  flameproof ed  "D"  clothing.  At  the  extreme  upper  limits 
of  heat,  the  wearing  of  impregnated  clothing  induces  greater  stresses  than  the 
wearing  of  ordinary  herringbone  twill  fatigues. 

4.  RSC0L2  ■ENDATIOKS  l 


a.  That  the  material  of  this  report  bo  distributed  to  agencios  concerned 
in  the  development  of  formulae  and  ultimate  use  of  clothing  dosignod  to  protect 
against  fire  and  chomical  warfare  agents. 

b.  That  those  agencies  continue  to  consider,  along  the  lines  developed  in 
this  report,  not  only  the  protective  qualities  of  such  clothing  but  all  of  the  new 
problems  which  arise  in  the  ultimate  wearer. 


Submitted  by: 

Ludwig  W.  Eichna,  Hajor,  LC 
Steven  M.  Horvath,  Lajor,  SnC 
Walter  B.  Shelley,  Captain,  LC 

Assisted  by: 

Howard  Golden,  Tec  3 
John  E.  Y/agar,  Tec  3 
Kenneth  C.  Davis,  Tec  3 
Jamas  P.  Stack,  Tec  3 
William  J.  Robinson,  Tec  5 
James  W.  Gregg,  P-4 
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APPENDIX 


A.  SUBJECTS.  EXPERIMENTAL  CONDITIONS  AND  PROCEDURES 

This  investigation  was  conducted  in  the  same  general  mannor  as  a  previously 
reported  study.*  All  observations  were  mado  in  the  laboratory  hot  room  during 
January,  February  and  March,  1945* 

1.  Subjects 

Their  ages  ranged  from  20  years  to  24  years  (average  21.3  years).  Their 
weights  varied  from  140  pounds  to  178  pounds  (average  156  pounds);  thoir  hoights 
from  64  inches  to  72  inches  (average  69  inches);  thoir  surface  areas  from  1.7 
square  meters  to  2.0  square  meters  (average  1.89  square  meters).  They  wore  all 
normal,  healthy  and  physically  fit. 

2.  Environments 


The  studies  were  carried  out  in  three  (3)  types  of  environments. 

a.  Environments  simulating  severe  naturally  occurring  climates  both  hot 
temperate  and  hot  humid  (tropical) . 


b.  Environments  comparable  to  those  within  tanks  operating  in  hot  climates. 


c.  Environments  at  the  upper  limits  tolerated  by  working  men. 
istics  of  the  environments  studied  are  dotailed  in  Table  1. 


The  character 


TABLE  1 

ENVIRONMENTS  IN  WHICH  HEAT  LOAD  OF  CLOTHING  WAS  STUDIED 


TYPE  OF  ENVIRONMENT 

Dry  Bulb 
Temp. 

°F 

Wet  Bulb 
Temp . 

°? 

Relative 

Humidity 

% 

Severe,  naturally 

Hot  temperato 

100 

80 

41 

A.  occurring 

Very  hot  temperate 

100 

86 

57 

climates 

Hot  humid  (tropical) 

90  n 

88 

92 

Conditions  within 

B.  tanks  in  hot 

120 

88 

23 

environments 

Upper  Environmental 

Hot,  relatively  dry 

120 

90 

31 

c*  limits 

120 

92 

35 

Hot  Humid 

93 

92 

95 

Almost  saturated 

95 

94 

96 

*  Project  2,  Sub-project  2-11,  2-13,  2-17,  Subj.,  The  Upper  Limits  of  Environmental 
Heat  and  Humidity  Toleratod  by  Acclimatized,  Normal,  Young  Men  'Working  in  Hot 
Environments,  dated  2  October  1944*  ^ 

**■■■■  • 

^  r  vcMMtMWrt WH-ZfrT*  '•*  .  * 


Throughout  tho  tests,  tho  dry  and  wet  bulb  temperatures,  measured  with  a 
motor  driven  poychrometor,  carried  around  tho  track  3  times,  at  a  level  of  four  (4) 
foot  usually  did  not  vary  from  the  doci-cd  tcmporaturea  by  more  than  1°F.  These 
were  recorded  every  fifteen  (15)  minutes.  The  walls  and  floor  were  brought  into 
equilibrium  with  tho  air  temporaturo,  by  initiating  the  do3ired  conditions  in  the 
hot  room  12  to  15  hours  boToro  the  men  began  to  work.  Wall  and  floor  temperatures 
wore  not  measured  and  are  assumed  to  bo  tho  samo  as  thoco  previously  dotorminod 
under  similar  conditions;  i.o.,  walls  2°F  to  5°F  cooler  than  tho  air  and  the  floor 
10°F  cooler  at  dry  bulb  temperatures  under  1GG°F  but  2G°F  cooler  at  dry  bulb  tempera¬ 
tures  of  120°F.  Additional  radiant  heat  was  not  suppliod.  Dry  bulb  air  temperatures 
showed  a  gradient  of  4  to  5°  from  floor  level  to  the  six  foot  levol, 

A  mildly  turbulent  air  movement  in  all  part3  of  tho  room  rosultod  from  tho 
combination  of  hot  air  inflow  from  four  anomostats  in  tho  ceiling  and  four  (4)  sixteen 
(16")  inch  fan3  placed  on  tho  floor  at  the  four  comers  of  a  wind  tunnel  in  the  middle 
of  tho  room.  The  fans  were  dirocted  toward  the  floor.  Wind  velocity  was  not  measurod 
but  wa3  essentially  that  produced  by  the  movement  of  the  men  marching  at  3  cph. 

3.  Activity 

The  standard  work  consisted  of  walking,  in  single  file,  at  3  milos  per  hour 
around  a  77  foot  track  in  tho  hot  room.  The  tr.cn  carried  20  pound  packs,  wore  started 
at  4  minute  intervals  and  walked  simultaneously.  This  work  rate  was  previously  do- 
-  torminad  to  bo  approximately  250  Calories  per  hour.  Four  (4)  hours  of  such  continuous 
marching  without  rest  and  without  leaving  the  hot,  environment  constituted  tho  standard 
daily  work  requirement.  At  hourly  intervals  during  work,  each  man  halted  and  stood 
erect  for  2  to  3  minutes  while  the  hourly  check  data  (heart  rate  and  rectal  tonperaturo) 
were  obtained.  Observations  wore  also  made  during  an  hour  of  quiet  sitting  in  the 
afternoon. 

A  standard  day  consisted  of  6  to  9  hours  spent  in  tho  hot  environment:  0745 
hours  to  1230  hours,  walking  period;  1300  hours  to  1400  hours,  lunch;  1400  hours  to 
1600  hours,  sitting  period.  i<hen  only  one  or  two  hours  of  walking  woro  accomplished 
in  the  morning,  walking,  was  substituted  for  the  afternoon  sitting  poriod.  After 
1600  hours,  the  men  returned  to  their  own  quarters  on  the  post  and  roported  at  the 
Laboratory  the  next  morning. 

For  one  week,  the  men  performed  the  standard  work  requirement  undor  norm.il 
cool  indoor  conditions.  Thi3  toughened  the  feet,  accustomed  tho  men  to  tho. aver  1;  and 
experimental  procedures  and  tended  to  produco  a  moro  uniform  state  of  physical  fitness 
in  all  nan.  Then  followed  an  acclimatization  period  of  10  days  during  which  tho  men 
worked  in  an  environment  of  D.B.  120°r*,  W.B.  C80F*,  R.H.  2S£.V  After  those  two  pre¬ 
liminary  training  periods,  the  definitive  study  of  tho  heat  loads  of  the  clothing  was 
begun. 


Thereafter  each  time  that  tho  environmental  conditions  wore  changed,  the  men 
were  acclimatized  to  tho  new  environment  over  a  poriod  of  three  or  four  days  before 
the  teat  runs  were  undertaken.  However,  in  the  environment  D.B.  120°?,  W.B.  90°?, 


*■  Henceforth  D.B.  will  designate  dry  bulb  temperature,  W.B.  wot  bulb  temperature 
and  R.H.  relative  humidity. 
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it  vras  neceaaary  to  shorten  this  period  to  ono  day.  Previous  studies  havo  shown 
the  need  for  acclimatization  to  each  m  environment  regardless  of  full  acclimati¬ 
zation  in  previoua  environmonta ,  Only  subjects  fully  acclimatized  to  tho  given 
environment  behave  in  such  a  repetitive  fashion  that  they  can  serve  a3  standardized 
teat  subjects  for  tho  determination  of  added  loads.  In  the  milder  environments 
which  do  not  impose  a  considerable  heat  load,  prolonged  acclimatization  is  not 
necessary.  Since  the  data  in  this  report  are  for  subjects  fully  acclimatized  to 
each  environment,  the  reactions  of  the  men  to  tho  clothing  heat  load  are  minimized. 
It  was  found  that  in  unacolimatized  subjects,  clothing  induced  greater  physiologic 
changes, 

4.  Food  end  Water 

The  man  ate  field  rations,  typo  A,  obtained  from  tho  company  mos3.  Only 
the  mid-day  meal  was  eaten  in  tho  hot  environment.  The  amount  of  food  eaten  was 
not  measured  but  generally  the  men  ate  heartily. 

All  drinking  water  was  made  up  as  a  0.1^  solution  of  sodium  chloride  and 
maintained  at  a  temperature  of  35°C.  The  amount  drunk  was  carefully  measured.  Tho 
water  intake  approximated  the  sweat  103s  except  in  some  men  in  the  most  severe 
environments.  After  leaving  the  hot  room,  the  man  drank  tap  water. 

5.  Clothing 

The  following  types  and  assemblies  of  clothing  were  worn  during  this  study: 


• 

Shoes* 

Service 

Socks* 

Half 

Wool 

Shorts* 

Cotton 

Drawers 

Cotton 

Under¬ 

shirt 

Cotton 

Jacket 

Trousers 

1 

Hood 

llovcs 

Nude 

X 

X 

1 

Herringbone  Twill 
Single  Layer 

X 

X 

X 

X 

X 

Flameproof  Tv/ ill 
Single  Layer 

X 

X 

X 

X 

X 

1 

Herringbone  Twill 
Double  Layer 

X  / 

X 

X 

* 

A 

X 

Flameproof  Twill 
Double  Layer 

X 

X 

X 

X 

X 

X 

Flameproof  Twill 
Complete  Asserab. 

X 

X 

X 

X 

. 

X 

X 

1 

V 

** 

X 

*  These  garments  were  untreated. 


All  flamoproofed  "D"  clothing  was  .impregnated  with  tho  formula:  chlorinated 
paraffin  CC-2/zinc  oxide / aluminum  stoarato/acotylene  tetrachloride  in  tho  following 
proportions  by  weight  139/139/139/17/1623.  The  impregnation  renders  tho  garment  both 
flameproof  and  gasproof.  The  amount  of  impregnite  pickod  up  by  each  article  expressed 
as  a  percentage  of  its  initial  weight  was  as  follows:  hood,  43^;  gloves,  43^;  long 

/  undershirt,  43^#  long  drawers,  1+3%;  jacket,  47*;  trousers,  The  47*»  pick-up  by  tho 

'J 
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jacket  and  trousers  was  considered  excessive  and  was  reduced  to  by  one  laundering 
prior  to  sh  "  sent  of  the  clothing  to  this  laboratory* 


Each  subjec  ^uod  clothing  of  the  bast  possiblo  fit  from  the  limited 

stocks  and  always  wore  own  clothing  in  all  testa.  Each  subject's  two  pieco  herring¬ 

bone  twill  fatigue  uniform  and  two  piece  flamoproofcd  fatigue  uniform  wore  of  tho  same 
size.  The  clothing  was  always  worn  in  tho  same  manner;  trouoor  legs  tucked  inside  of 
the  pulled  up  socks,  jacket  shirt  tucked  into  tho  waist  of  tho  trousers,  top  button  of 
jacket  buttoned  and  sleeves  unbuttonod  at  tho  wrists.  This  method  of  wear  was  choson 
as  offering  tho  greatost  protection  against  flame.  Since  it  reduces  the  bellows 
action  of  the  clothing,  these  tests  were  carried  out  with  the  clothing  imposing  their 
maximum  heat  loads  • 

6.  Observations  and  Data  Obtained 

Upon  arrival  in  the  morning,  the  non' remained  in  tho  control  (70-75°F.)  room 
until  individually  called  into  the  hot  room  approximately  7  to  10  minutos  before  be¬ 
ginning  to  walk.  Each  man  entered  the  hot  room  completely  nude,  urinated,  dried  off 
any  sweat  present  and  was  weighed  (within  10  grams) .  Simultaneously  the  individual 
items  of  clothing  he  was  to  wear  (placed  in  the  hot  room  30  to  45  minutes  earlier) 
were  also  weighed  (within  5  grams).  The  subject  quickly  drossed  in  those  garments, 
and  stood  erect  4  minutes  during  which  the  hoart  rato^,  rectal  temperature  and  skin 
temperature  radiometric  ally  (5  areas)  were  determined  simultaneously.  He  then  bogan 
marching.  Curing  the  walking  period  all  water  drunk,  urine  voided  and  vomitus  were 
carefully  measured.  At  hourly  intervals,  the  heart  rate  and  rectal  temperature  wore 
determined.  After  4  hours  of  walking,  the  subject  stood  erect  while  the  hoart  rate, 
rectal  temperature  and  skin  temperature  wore  moasured.  Ho  then  stripped  completely, 
urinated,  dried  off  all  of  the  sweat  and  was  weighed.  At  tho  sumo  time,  his  removed 
clothing  was  weighed,  item  by  item.  Throughout  tho  entire  test,  records  we  re  kept  of 
symptoms,  complaints,  general  appearances,  vigor  and  alertness  of  tho  men. 

The  skin  temperature  of  5  areas  of  the  body,  throe  covered  and  two  uncovered 
(chest,  forearm,  calf,  cheek,  palm)  were  determined  with  a  radiometer.  For  clothed 
areas,  the  clothing  was  opened  or  pushed  aside  just  sufficiently  to  permit  placing  of 
the  radiometer.  Undue  exposure  of  clothed  areas  was  avoided.  The  skin  temperaturos 
of  individual  areas  wore  integrated  into  an  average  skin  temperature  by  the  following 
weighting  formula  based  on  the  original  formula  of  Hardy:  chest,  0.44.;  forearm,  0.14; 
calf,  0.23;  cheek,  0.10;  palm,  0.09.  Henceforth  the  term  skin  temperature  will  refer 
to  this  weighted  average  skin  temperature.  Rectal  temperatures  were  measured  with 
calibrated  rectal  thermometers. 

Whenever  a  can  was  forced  to  discontinue  walking  before  the  required  four 
hours,  the  final  observations  were  taken  and  tho  time  recorded.  No  man  was  allowed  to 
discontinue  unloss  objective  indications  necessitated  it. 

7.  Charting 

The  charts  numbered  1,  2,  3,  4,  5#  8,  9*  10  and  11  indicate  the  physiologic 


*  All  oLher  heart  rates  were  determined  on  tho  men  marking  tlm  during  the  first  half 
minuto  following  their  removal  from  the  track. 
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responses  of  the  men  in  various  environments.  Corresponding  tables  gi\e  the  indivi¬ 
dual  data  so  that  the  range  and  variability  of  individual  response  may  be  more  fully 
appreciated  after  examining  the  principles  of  group  behavior  presented  on  the  graphs. 

'  B.  RESULTS  * 

1.  General  Consideration  /• 

The  principles  governing  the  analysis  of  the  data  of  this  study  are  those 
which  have  been  developed  and  reported  in  detail  in  previous  studies  of  men  in  the 
heat*  Briefly,  these  are:  (l)  Unacclimatizod  men  improve  greatly  in  their  responses 
to  heat  from  day  to  day.  Only  fully  acclimatized  men  have  sufficiently  constant 
responses  to  heat  to  servo  as  standardized  test  subjects  for  the  evaluation  of  added 
factors  and  loads  in  the  heat.  Using  such  tost  sublet,..,  the  effect  of  cJJ~i  loads 
will  always  be  presented  in  the  most  favorable  light.  Unacclimatized  men  subjected 
to  the  same  loads  will  have  poorer  performances.  (2)  The  man  as  a  whole  must  bo 
considered  and  evaluated  with  proper  weight  given  to  phenomena  which  cannot  bo  repre¬ 
sented  by  &  number.  Appearance,  behavior,  complaints,  vigor,  alertness,  morale  and 
performance  must  be  given  due  weight.  This  weighting  depends  on  the  experience  of 
the  observer.  It  may  equal  or  even  exceed  the  v/oight  given  to  such  numerically 
representable  physiologic  data  as  rectal  temperature,  heart  rate,  sweating  rate,  skin 
temperature.  (3)  Since  the  physiologic  data  can  be  represented  numerically  and 
graphically,  most  of  the  following  analysis  is  in  these  term3.  It  is  to  be  understood 
that  these  serve  as  gross  indices  and  arc  valid  only  when  they  are  consistent  and 
representative  of  the  picture  in  the  man  as  a  whole.  The  data  here  presented  are  to 
be  considered  so  consistent.  (4)  Individual  subjects  exposed  to  similar  heat  stresses 
vary  considerably  in  their  responses.  Therefore,  the  averaged  data  for  a  group  has 
been  graphed  while  individual  data  appears  in  tables. 

Th«  subjects  were  divided  into  two  groups  of  five  (5)  men  each.  These  two 
groups  (henceforth  designated  A  and  B)  were  made  as  comparable  as  possible  on  the  basis 
of  age,  physical  characteristics  and  physiologic  responses  to  work  in  the  heat. 

TABLE  2 

PHYSICAL  CHARACTERISTICS  OF  THE  7.Y0  TEST  GROUPS 


Additional  data  on  the  comparability  of  the  two  groups  in  each  environment 
was  always  established  by  the  day  of  working  nude.  This  day  also  afforded  a  base 
line  of  response  with  which  the  performance  in  tne  two  types  cf  clothing  could  be 
compared. 

t 

2.  Heat  Load  -  Single  and  Double  Layer  Clothing  Assemblies ;  Environments 
Simulating  Naturally  Occurring  Hot  Climates. 

a.  Hot  Tcmoerato  Climate 3  -  D.B.  100°F,  W.B.  80°?,  R.H.  92$ 

Although  the  men  complained  that  the  single  layer  flameproofea  clothing 
was  "hotter”  and  provided  less  ventilation  than  the  single  layer  herringbone  twill, 
the  thermal  stress  imposed  by  these  environments  was  of  such  a  low  order  of  magnitude 
that  the  physiologic  changes  induced  in  the  men  were  slight  regardless  of  what  they 
wore.  This  is  indicated  by  the  observations  made  on  a  group  of  four  (4)  men  working 
in  an  environment  of  D.B.  100CF,  W.B.  80°F,  R.H.  42*  on  one  occasion  nudo,  on  another 
in  single  layer  flameproof od  clothing,  on  a  third  in  double  layer  flamcproofed  cloth¬ 
ing  and  finally  in  the  full  flameproofea  assembly  (Chart  1  and  Table  3) •  It  is 
apparent  that  the  addition  of  clothing  induced  very  few  physiologic  changes;  the 
performance,  rectal  temperature  and  heart  rates  remained  practically  identical.  The 
final  skin  temperature  did  not  fall  to  as  great  an  extent  when  additional  layers  of 
clothing  were  worn.  The  values  were  still  within  a  normal  range.  The  sweating  rate 
increased  progressively  as  clothing  was  added  and  in  the  full  impregnated  assembly 
it  was  double  that  in  the  nude.  This  is  of  significance  from  the  standpoint  of  troop 
water  requirements. 

*  In  the  absonce  of  sufficient  thermal  stress  differences,  the  potential  heat 
loads  of  clothing  do  not  become  apparent  unless  they  are  very  marked. 

Lien  worked  in  both  the  two  layer  herringbone  twill  and  the  two  layer  f lane- 
proofed  assemblies  with  equal  ease  and  Chart  2  and  Tablo  4  indicates  that  the  physio¬ 
logic  changes  induced  by  the  two  typos  of  clothing  were  minimal  and  practically 
identical.  Moreover,  insofar  as  the  heart  rate  and  rectal  temperature  are  concerned, 
the  physiologic  changes  in  the  clothed  and  nude  men  were  essentially  the  same.  The 
clothed  nan  exhibited  an  average  sweat  rat  100*  above  the  nude.  There  was  no  fall 
in  skin  temperature  such  as  occurred  in  the  nude  men. 

b.  Very  Hot  Tolerate  Climate  -  D.B.  ’CC0?,  W.B.  86°F,  R.H.  57* 

This  environment  differed  from  she  previous  one  by  an  increased  humidity. 
The  men  worked  in  this  environment  for  one  day  only;  one  group  in  two  layer  herring¬ 
bone  twill,  the  other  in  two  layer  flameproof ed  assembly.  Chart  3>  Table  5  indicates 
that  the  physiologic  responses  of  the  two  groups  were  very  similar.  In  all  measure¬ 
ments,  however,  the  response  of  the  group  wearing  flameproof ed  clothing  was  insignifi¬ 
cantly  greater  than  that  for  the  group  wearing  herringbone  twill.  With  largo  numbers 
of  men,  these  differences  would  have  probably  boen  statistically  significant.  There 
was,  however,  one  striking  difference  in  the  two  groups.  One  man  wearing  flameproof  ed 
clothing  was  completely  exhausted  at  the  end  of  two  hours  and  was  forced  to  drop  out. 

J  Indeed,  his  rapid  heart  rate  of  171  per  minute  is  largely  responsible  for  the  differor.ee 
in  the  two  curves  of  heart  rate.  The  poor  performance  and  exaggerated  physiologic 
responses  of  this  one  subject  in  the  presence  of  the  relatively  good  responses  of  his 
colleagues  is  not  explained. 
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c.  Hot.  Humid  (Tropical)  Clirat-n  -  D.3.  90°i%  W.B.  S8°F,  R.H.  93/2 

This  almost  saturated  environment  is  equivalent  to  that  found  under 
severe  Jungle  conditions.  Hore  again  the  men  worked  for  one  day  only,  half  of  the 
group  wearing  two  layer  herringbone  twill  and  the  other  half  wearing  two  layer  flame- 
proofed  assemblies.  The  clothing  imposed  no  handicap  to  effective  work,  the  physio¬ 
logic  responses  in  the  two  groups  of  m-en  being  almost  identical  (Chart  4  and  Table  6). 
The  pulse  rate  and  final  skin  temperaturos  in  men  wearing  the  flamoproofed  assembly 
aro  in  agreement  with  the  previous  indications  of  the  greater  load  of  this  assembly. 

C.  SUGARY 

The  studies  in  these  environments  have  not  demonstrated  any  real  differences 
in  the  heat  load  imposed  by  the  flamoproofed  and  herringbone  twill  clothing.  Those 
experiments  indicate  that  clothed  men  can  work  effectively  in  covoro  naturally  occur¬ 
ring  environments. 

3.  Heat  load  -  Single  Layor  Clothing  Assemblies 

a.  Environments  Simulating  Those  Within  Tanks  in  Hot  C11m.atc3  - 

D.B.  120°F,  W.B.  S30?,  R.H.  24-2 

This  environment ' is  representative  of  the  extreme  of  conditions  found 
■/  in  the  driving  compartments  of  buttoned-up  lr4A3  tanks  operating  in  midday  in  mid¬ 
summer  at  Camp  Polk,  La.  It  imposes  a  marked  thermal  stress  which  can  be  tolerated 
only  after  considerable  acclimatization.  Eecause  of  the  severity  of  this  stress,  the 
studies  in  this  environment  were  limited  to  the  heat  loads  imposed  by  single  layer 
assemblies  of  clothing.  Under  these  conditions,  differences  in  various  types  of 
clothing  were  demonstrated. 

Chart  5  and  Table  7  chow  that  well  acclimatized,  fit  men  can,  both  r.ude 
and  clothed,  work  effectively  for  at  least  four  (4)  hours  in  such  an  environment.  How- 
•  ever,  the  "cost,"  measured  in  terms  of  the  severity  of  tho  physiologic  responses  was 
greater  for  clothed  men  than  for  nude  nun.  Except  for  a  material  increaso  in  the 
sweating  rate,  the  physiologic  changes  when  wearing  herringbone  twill  were  only  slight¬ 
ly  greater  than  when  tho  men  were  nude,  when  tho  men  wore  flamoproofed  clothing,  tho 
physiologic  changes  were  greater.  The  olevated  rectal  and  skin  temperatures  were 
indications  that  the  clothing  offered  a  considerable  barrier  to  tho  dissipation  of 
heat.  However,  the  sweating  rates  were  identical  whether  herringbone  twill  or  flamo¬ 
proofed  tvdll  was  worn.  At  D.B.  120°?,  W.B.  68°F,  the  heat  load  of  the  herringbone 
twill  clothing  13  ;stiile easily  tolerated  but  tho  load  imposed  by  tho  flamoproofed 
clothing  begins  to  approach  undesirable  proportions, 

b.  Environments  at  tho  Upncr  limits  Tolerated  by  Working  Hen 


(1)  D.B. 

(2)  D.B. 


W.B.  VJ°F,  R.H.  3l£ 


(2)  D.B.  120° F,  W.B.  92°*’,  R.H. 

(3)  D.B.  93°?,  W.B.  92°F,  R.H.  97-2 

(4)  D.B.  95°F,  W.B.  94°E,  R.H.  97-2 

Tho  criteria  fo  ■  .ho  upper  environmental  limits  for  work  in  tho  heat 
utilized  in  this  study  were  described  in  detail  in  a  previous  report  and  aro  briefly 
restated.  Environments  are  considered  ”rol~  '-iv-v.v  c.^y11  when  rjj1.  men  finish  tho 
re quired  four  (4)  hours  of  work  in  good  spirits,  without  difficulty  or  complaints 


A/ 


and  with  physiologic  changes  no  creator  than  thoco  seen  in  acclimatized  men  working 
in  typically  desert  or  tropical  heat;  i.o.,  group  average  roctal  tomperaturos  under 
101°?  and  group  average  heart  rates  loss  than  130  boats  per  minute.  Environments 
aro  considered  "difficult"  whon  cl  1  ;..en  still  finish  the  required  four  (4)  hours  of 
work  but  now  with  much  effort,  many  complaints,  lack  of  alertness,  approaching 
exhaustion  and  with  physiologic  changes  exceeding  in  severity  those  usually  enccuntor- 
cd  in  acclimatized  men  working  in  hot  climates;  i.o.,  group  average  rectal  tempera¬ 
tures  botweon  101°F  and  102°F  and  heart  rates  between  130  and  145  beats  per  minuto. 
Occasionally  one  man  may  fail  to  finish.  Environments  arc  considered  "irr.rossiblc" 
vds  ..  „ho  group  as  a  v/holo  fails  to  finish  tho  required  four  (4)  hours  of  walking. 

The  men  suffer  from  many  distressing  and  sovoro  symptoms  and  many  fall  out  during 
the  second  hour  of  effort.  Few  arc  capable  of  finishing  tho  four  (4)  hours  of  work. 
The  group  average  rectal  temperature  exceeds  1Q2°F,  and  the  group  average  heart  rato 
a',  .-ages  150  beats  por  minute.  Critical  judgment  must  be  employed  with  those  "rules 
%of  thumb"  and  attontion  must  be  given  to  the  over-all  picture  vjithout  focussing  on 
other  factors;  o.g.,  physiologic  responses.  Sinco  these  "rules  of  thumb"  are  based 
on  group  phenomena,  they  can  never  bo  used  to  predict  individual  performance. 

The  "second-wind"  improvement  discussed  in  tho  previous  report  was- again 
encountered.  This  subjective  improvement  usually  occurred  lato  in  the  second  or 
early, in  the  third  hour  of  work  and  was  again  associated  with  tho.  approach  of  an 
equilibrium  state.  In  the  clothed  men,  it  also  soemed  to  be  associated  v/ith  the  v.-et- 
ting  of  the  clothing  with  sweat.  As  the  garments  became  progressively  vretter,  the 
men  remarked  that  they  felt  "cooler"- and  they  worked  more  easily. 


The  present  experiments  wero  designed  only  to  bracket  tho  upper  limits  and 
delineate  the  loast  sevore  environments  in  which  tho  men  could  not  work  and  the  most 
severe  environments  in  which  they  could  work.  Only  environments  of  two  extreme  types 
wero  studied;  i.o., 

(a)  A  humid  atmosphere  with  D.B.  93  -  95°F. 

(b)  A  relatively  dry  atmosphere  with  a  D.B,  of  120°F. 


Th  •  environments  wero  kept  as  close  to  the  limit  as  possible  arid  no  work  was  done  to 
define  the  "relatively  easy"  environments .  neither  was  v.’ork  done  to  re-study  the 
upper  limits  for  the  nude  men.  The  environments  wore  always  picked  with  regard  to  the 
clothed  state.  "Impossible"  in  this  report  is  equivalent  to  the  "impossible"  in  the  \ 
previously  reported  3tudy  and  upper  limit  in  this  report  to  "difficult"  in  the  pre¬ 
vious  atu^y. 


Charts  6  and  7  indicate  the  effect  of  the  two  types  of  clothing  on  the  upper 
environmental  limits  at  whic..  men  can  work.  Clothing  loworod  the  upper  limit  to  the 
extent  of  reauc  r.g  the  limiting  wot  bulb  temperature  of  the  environment  by  2°F  to  4°F. 
This  reduction  occurred  at  both  the  "upp-r  limit"  (Chart  6)  and  tho  "impossible"  levels 
(Chart  7).  V.'earing  herringbone  tv/ ill  lowered  the  limiting  wot  bulb  temperature  by  2°F 
for  both  tho  saturated  and  the  hotter  drper  environments.  However,  when  wearing  flame- 
proofed  clothing,  tho  limiting  wet  bulb  eempuraturo  was  lowered  by  2°F  for  saturated 
environments  and  by  4°F  for  environments  with  a  D.B.  12C°F.  This  is  consistent  v.iah 
tho  greater  barrior  to  evaporation  imposed  by  the  flameproofod  clothing  and  hence  Ats 
greater  heat  load  in  environments  whore  evaporation  is  the  sole  mooses  of  losing  heat 
or, a  maintaining  thermal  equilibrium.  Its  heat  load  is  not  as  great  where  evaporation 
^  not  as  significant  an  avenue  of  heat  loss  (saturated  environments). 
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Analyses  of  tho  performances  and  physiologic  responses  of  the  non  in  theso 
“upper  limits"  environments  in  tho  nudo,  wearing  herringbeno  twill  or  flameproof od 
clothing  are  presented  in  Charts  8,  9,  10  and  11  and  in  Tables  8,  9,  10  and  11.  A 
uniformity  of  response  along  a  definito  pattern  is  apparent,  '..hen  clothed  in  flame-.- 
proofed  garments,  the  overall  response  io  always  tho  poorost  and  when  nudo  tho 
response  is  the  best;  wearing  herringbone  twill  gives  an  intormodiate  response. 

Increasing  the  wet  bulb  temperature  fro u  C5°F  to  90°F  when  tho  dry  bulb  was 
12CPF  served  to  separate  the  two  c  .thing  issuuii  more  clearly  from  tho  standpoint  of 
their  respective  hoat  loads,  her.  clothed  in  herringbone  twill  wore  all  able  to  com¬ 
plete  four  (4)  hours  of  work  whereas  half  of  tho  men  in  flameproofcd  clothing  dropped 
out  (compare  Chart  5  and  8).  «hen  tho  thermal  stress  of  the  surroundings  bocamo  very 
marked  (D.B.  120°F,  V/.B,  92°?  and  D.B.  9buF,  V.'.B.  94°F)  this  3tross  was  in  itself  so 
great  that  men  with  both  types  of  clothing  were  quickly  forced  to  fall  out  and  a 
determination  of  the  added  loads  of  the  two  garments  became  difficult  a3  their  indivi¬ 
dual  loads  were  submerged  in  the  groater  environmental  load  (Charts  9,  11). 

Physical  Characteristics  of  the  Clothing 

a*  Gross  Characteristics 


The  flamaproofed  twill  garments  were  heavy,  thick,  stiff,  coarso,  rough 
and  waxy.  The  man  objected  mildly  to  theso  characteristics.  V.ith  repeated  wear, 
the  cloth  became  more  pliable  and  less  coarse  but  never,  as  soft  and  flexible  a3 
herringbone  twill.  Its  weight  remained  constant  throughout  the  3tudy  indicating  that 
the  imjzregnite  had  not  leached  out  (Table  12). 

The  flameproofcd  clothing  wa3  resistant  to  wetting.  (Photograph  l) 

The  garments  appeared  wettest  where  the  clothing  came  into  direct  contact  with  skin 
(shoulders,  upper  back,  anterior  surface  of  the  thighs).  Unless  rubbed  directly  into 
the  cloth,  tho  sweat  tor.dod  to  roll  on  the  clothing  like  "water  on  a  duck1 3  back," 
(Figure  1).  As  a  consequence,  the  sweat  wa3  funnelled  along  tho  inner  surface  of 
the  clothing,  dripping  out  of  the  sleeves  and  running  into  the  socks  and  out  of  the 
shoes.  With  repeated  wearing,  the  flameproofcd  garments  wetted  to  a  greater  aegreo 
than  on  Initial  wear,  but  even  so  the  wotting  was  not  uniform  and  did  not  approach  tho 
water  uptake  of  herringbone  twill  (Figaro  12,  Photograph  2). 


Uptake  of  Sv.-oat  Durin~  V/rdl: 


The  reduced  capacity  of  flameproofcd  clothing  to  absorb  water  was 
quantitatively  demonstrated.  After  having  been  dried  for  at  least  fourtoen  (12,)  hours 
(sufficient  to  evaporate  the  sweat  absorbed  during  the  previous  day's  wear),  the 
individual  items  of  clothing  were  weighed  in  tho  hot  room,  within  5  grams,  immediately 


•jw*.-* 


before  and  after  walking.  Table  13  indicates  that  the  flameproofcd  garments  absorbed 
less  ^.an  half  as  much  sweat  (water)  as  the  herringbone  twill  garments.  Furthermore, 
this  difference  in  water  uptake  -was  tho  same  in  both  the  saturated  ar.d  the  more  dry- 
environments  (Table  13) .  ^inco  the  total  sweat  output  of  the  men  was  the  same  when 
wearing  both  types  of  clothing,  equal  opportunities  for  the  absorption  of  water  were 
press. ...od  to  both  garments.  It  also  appeared  that  most  of  the  water  taken  up  by  the 
fireproofed  garments  was  absorbed  early  for  the  ir.creaso  in  weight  of  the  clothing  of 
men  dropping  out  in  one  or  two  hours  almost  equalled  that  of  the  clothing  of  the  men 
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who  completed  four  (4)  hour3  of  work. 

The  water  repcllcncy  of  the  flameproofed  clothing  decreased  with  v/car 
(Table  14).  However,  this  clothing  never  absorbed  more  than  onc-half  as  much  water 
as  tho  herringbone  twill.  The  increase  in  water  absorbing  capacity  was  not  due  to 
the  leaching  out  of  the  flameproof  in-’  compound  since  tho  weight  of  tho  flameproofed 
garments  did  not  decroaco  with  wear  (Table  12). 

Do terminations  of  tho  absorption  of  water  by  the  flameproofed  long  cotton 
underwear  wore  few,  but  indicated  that  (l)  when  relatively  small  amounts  of  sweat  are 
present,  tho  flameproof  cd  undo  racer  takes  up  as  much  sweat  as  the  cotton  underwear 
and  (2)  when  largor  amounts  of  sweat  are  present  tho  uptake  falls  progressively  below 
that  for  the  untreated  cotton  (T-blc  15). 

(2)  Uptake  of  V.'ator  cn  T. — :ruicn 


Tho  absoluto  differences  in  the  total  wator  absorbing  capacities  of 
herringbone  twill  and  flamcproofod  twill  were  determined  by  weighing  the  two  types 
of  clothing  before  and  after  immersion  in  water.  The  individual  items  of  clothing 
were  dried,  weighed,  and  than  Immersed  in  water  at  7 2°?  ■  (22°C)  for  both  four  and  forty- 
five  hours,  removed  and  hung  individually.  The  clothing  was  roweighed  when  tho  drip- 
page  rate  was  4  drops  per  minute.  It  was  again  hung  and  then  roweighed  at  intervals 
to  determine  the  drying  rate.  This  was  dotorminod  in  two  environments:  (l)  D.B.  72°F, 
11. B.  65°?  and  (2)  D.B.  120°F,  V/.3.  6b°F. 

Table  16  indicates  that  herringbone  twill  jackets  and  trousers  absorbed 
water  in  amount-  equal  to  their  initial  dry  weights j  whereas  similar  flameproof cd 
garments  absorbed  only  about  one-half  of  thoir  dry  weight.  However,  in  terms  of 
water  absorbed,  the  actual  untako  by  the  flameproofed  garments  was  approximately  two- 
thirds  of  the  uptake  by  the  herringbone  twill  garments.  Similarly,  flameproofed  long 
cotton  undorwear  absorbed  but  75w  to  Cp/o  as  much  water  as  regular  cotton  long  ur.uor- 
wear,  A  comparison  of  Table  16  with  Tables  13  and  14  indicates  that  during  wear, 
herringbone  tv, ’ill  garments  absorbed  sweat  in  amounts  approximating  95/-  of  the  total 
water  absorptive  power  of  the  clc-...  On  the  other  hand,  during  wear,  flamoproofed 
garments  absorbed  5Ck  to  60/1  of  the  water  they  were  capable  of  absorbing.  Determina¬ 
tions  of  the  amount  evaporated  per  unit  time  from  tho  two  types  of  clothing  indicated 
that  they  were  approximately  the  same.  However,  since  the  flameproofed  clothing  had 
absorbed  less  water  (Chart  12),  it  became  dry  more  rapidly  than  tho  herringbone  twill. 


c.  affect  of  Cloth  in  o'  on 


ivaporotion  Gradient  Between  Skin  a-ri  Ar'r 


la  appeared  that  the  flameproofed  clothing  imposed  a  greater  barrier  to 
the  evaporation  of  sweat  than  did  bn 0  herringbone  twill.  A  series  of  experiments  were 
designed  to  test  this  hypothesis  nd  quantitate  the  effect  of  clothing  on  tho  evapora¬ 
tive  gradient  between  skin  and  air. 

These  tests  were  made  in  an  environment  of  D.B.  120°?,  V.'.B.  92°?  cn  two 
.  of  similar  physical  characteristics  and  with  essentially  identical  physiologic 
r-sponso3  to  work  in  the  heat.  Tne  two  men  were  studied  nude,  in  herringbone  twill, 
in  flameproofed  twill  and  in  prewetted  flameproofed  twill.  The  standard  conditions 
consisted  of  having  the  men  stand  for  ono-half  hour  in  a  wide  pan  containing  mineral 
oil  under  which  unevaporated  sweat  collected.  The  subject's  dry  clothing,  a  thermo¬ 
couple  harness,  a  "tost"  towel  and  the  pan  wore  weighed  while  tho  man  dried  himself 
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thoroughly  with  a  "discard"  towel.  The  pan  was  placed  on  the  weighing  platform, 
the  subject  quickly  donned  the  harness  and  test  clothing,  then  stepped  into  the 
pan.  The  weight  of  clothed  nan  plus  pan  was  obtained  at  the  beginning  and  end  of 
30  minutes.  The  change  in  weight  indicated  evaporated  sweat.  During  the  stand,  the 
skin  temperature  (by  thermocouple  from  4  areas)  and  the  surface  temperature  (by 
radiometer  from  5  areas)  were  determined  five  times.  When  the  man  v/as  nude,  skin 
temperature  readings  were  made  by  radiometer.  Dry  and  wet  bulb  temperatures  of 
the  air  at  the  subject's  chest  level  were  determined  3  times  during  the  stand  and 
the  heart  rate  and  rectal  temperature  were  taken  at  the  beginning  and  end.  At  the 
end  of  30  minutes,  the  final  weight  and  temperature  data  were  taken,  the  subject 
undressed,  dried  in  the  "test"  towel  following  which  the  removed  clothing  and 
harness,  towel  and  pan  were  weighed. 

From  this  data  were  calculated  the  total  sweat  loss,  the  evaporatod  sweat 
and  its  heat  equivalent,  the  mean  (average)  skin  temperature,  the  vapor  pr03sure 
of  the  air,  the  vapor  pressure  of  water  at  the  temperature  of  the  skin,  and  the 
change  in  body  heat  content  (heat  storage).  Coefficients  used  in  the  storage 
calculations  were  0.33  for  skin  temperature  and  0.67  for  rectal  temperature  and 
0.83  fo r  the  specific  heat  of  the  body. 

Table  17  presents  the  derived  data  of  these  experiments.  Tt  indicates 
the  extent  to  which  clothing  imposed  a  barrier  to  evaporative  cooling  for  she 
standing  Subject.  Flameproof  twill  imposed  a  greator  barrier  than  herringbone 
twill  as  shown,  by  the  smaller  volume  of  sweat  evaporated  and  the  decreased  heat 
lost  by  its  evaporation.  Herringbone  twill  cloth  decreases  the  total  evaporative 
heat  loss  observed  in  the  nude  suoject  by  174  and  flamoproofed  twill  cloth  by  274. 

.  *'  ’  The  evaporative  gradient  (Calorios  of  heat  lost  per  square  meter  of  body  surface 
per  mm  Hg  difference  in  vapor  pressure  of  the  water  at  the  temperature  of  the  skin 
and  air)  follows  the  same  pattern  being  lowered  134  by  herringbone  twill  and  284 
by  flameproofed  twill  (nude,  9.9;  herringbone  twill,  8.6;  flamoproofed  twill,  7.1). 

The  physiologic  implications  of  the^e  clothing  barriers  to  evaporative 
cooling  are  the  progressively  higher  skin  and  rectal  temperatures  and  the  gain  in 
body  heat  content  as  the  men  wont  from  the  nude  state  to  herringbone  twill  to 
flameproofed  clothing.  For  example,  when  nude,  the  man  were  in  thermal  equilibrium 
and  stored  no  heat;  when  wearing  herringbone  twill,  they  stored  heat  at  the  rate  of 

8.2  Calorie s/ll^/Hour;  and  when  in  flameproofed  twill,  their  heat  storage  was  about 
twice  as  great,  being  14.4  Calorie  s/i^/Hour. 

Wearing  flameproofed  garments  which  had  boon  previously  wetted  by  immersion 
v  yielded  total  evaporative  heat  losses  and  evaporative  gradients  which  closely  approxi¬ 
mated  those  for  the  nude  s-sts  (Table  17).  Howover,  it  is  likely  that  they  do  not 
represent  the  actual  heat  lo~s  from  the  body  for  a  considerable  amount  of  the  evapora¬ 
tion  probably  took  place  at  the  surface  of  the  clothing  and  not  at  the  skin  surface. 
Evaporation  at  the  clothing  surface  may  not  be  as  beneficial  in  cooling  the  body. 

That  this  may  indeed  have  been  the  case  is  indicated  by  a  definite  heat  storage  of 

6.2  Calorias/L^/Kour  during  wearing  of  the  prewetted  garments;  whereas  no  heat  storage 
occurred  in  the  nude  state  where  similar  evaporative  heat  losses  and  evaporative 
gradients  were  obtained. 

An  evaluation  of  the  real  moaning  of  the  evaporative  gradients  here  determin¬ 
ed  complicated  by  the  progressive  wetting  of  the  clothing  curing  the  test  period. 
Hence  the  gradient  is  in  a  cense  a  mixed  one,  pertaining  neither  to  dry  clothing  nor 
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to  wot  clothing,  but  to  an  indefinite  stato  of  the  clothing  which  is  progressively 
changing  froa  dry  to  wot. 

5.  Toxic  Effects 


Ho  tox’c  of  foots  attributable  to  tho  impregnation  wore  oncountorod  during 
this  study  in  which  core  r.;on  v;oro  tho  fiaaoproofed  garments  as  many  as  13  tiroes 
for  a  total  of  46  hours  of  wear.  Tno  garments  v.oro  not  worn  continuously  through¬ 
out  tho  day,  but  rather  intermittently  during  test  periods  varying  froa  1  to  4 
hours  in  longth.  hoither  gonorali^d  systemic  effects  nor  cutaneous  toxic  reactions 
resulting  froa  direct  contact  wore  ccon. 

However,  an  erythematous  and  aaculo-pap’olar  doraatitis  was  r.otod  in  soao 
subjects  when  woaring  either  ..sr  ringbone  twill  or  flameproof ud  garment c.  Those 
resulted  from  the  acchanical  irritation  of  the  cloth,  being  localisod  to  areas 
whero  rubbing  occurred,  such  a3  the  groins,  antorior  -urfaco  of  the  thigh3,  the 
upper  thorax,  tho  belt  lino  and  lower  lego. 

The  intermittent  and  relatively  short  duration  of  wear  of  these  garments 
did  not  constitute  an  entirely  c  iofactory  test  of  the  toxic  potentialities  of 
the  inpregnito.  nevertheless,  acu.o  toxicity  can  be  excludod  by  these  experiments. 

6.  Flare  Resistance  of  tho  Clothing 

This  has  boon  reported  separately.* 


*ii.R.C.  Project  Q.L.G.  Ko.  27,  Preliminary  Report,  Sub-Pro joct  27-A5-X-2, 
dated  30  April  1945. 


12 


"  '?} 


A 


F.P.(D) 

,,  .COMPLETE.. „ 
h-  ■ASSZ13LY~J 

F.P.(D) 
DOUBLE  LAYS 

F.?.(D) 

si:;gle  lays 

NUDL 

CLOT 

rT»Tr 

*±HU 

0 

i _ 

w 

uj 

_ 

w 

:  %  | 

> 

O  Ro  p 

>» 

h  :t  m  w 

!-<  1;  C5  I'i 

m  co  ps 

<; 

< 

O  H*  O  P 

O  H*  O  ,> 

O  H*  >J  p 

/WL  1 

0 

• 

s*  0  O  0 

a 

• 

a  0  0  0 

O 

9 

i;  O  O  O 

0 

9 

^OOO 

! 

vO 

vOvOOvO 

NO 

nOvOnOnO 

NO 

vO  nO  nO  nO 

NO 

'O  nO  vO  nO 

0) 

00  0>0  OJ 

00 

CO  CO  nO  00 

CO 

CO  CO  CO  0» 

CC 

OJ  CijnO  CO 

0 

• 

1  «  •  • 

• 

•  •  •  • 

0 

9  9  C  0 

O 

9  9  0  * 

-Nj 

00  vO  O  AJ 

00 

OVl  AJ  -Nj 

-J 

NO  On  -n3  ON 

-0 

ONQNAJP- 

M 

M 

M 

w 

NO 

'0\OQV'1 

NO 

\OnD  QnO 

NO 

nO  nO  nO  nO 

NO 

vO  nO  O  nO 

nO 

vOvOOv 

NO 

nO  nO  O  nO 

NO 

no  no  NO  no 

NO 

nO  nO  O  nO 

M 

0 

• 

•  •  •  9 

O 

O  «  •  O 

0 

9099 

O 

■ 

*-3 

-0 

-J  V\V1  H 

P*  AJ  OP- 

VO 

P~  M  **J  O 

V/l 

0>U>  V*>  M 

U> 

r 

• 

M 

M 

M 

Hj 

nO 

vn\n  O'O 

nO 

nO  nO  O  nO 

vO 

NO  nO  O  NO 

NO 

nO  nO  O  NO 

rc 

PJ 

h3 

nO 

'O'OO  0) 

nO 

nO  nO  O  nO 

NO 

NO  NO  O  OS 

NO 

nO  vO  O  nO 

A)  O 

• 

0  •  0  • 

• 

•  •  9  • 

9 

9  9  9  0 

0 

9  9  9  9 

C 

0n 

op-  o>o 

->3 

NO  A0  O  O 

S-n 

O' VO  O  NO 

p- 

VO  M  M  M 

H 

(A 

s 

M 

> 

$ 

nO  nO  nO  nO 

NO 

nO  nO  nO  nO 

NO 

NO  nO  nO  NO 

NO 

vf)  vO  0  vT) 

c 

'O'O'O'O 

NO 

nOnO  O  nO 

NO 

NO  NO  NO  GO 

NO 

nO  CO  O  NO 

VJ 

R 

• 

•  •  •  0 

♦ 

0  0  9  0 

9 

9  9  0  0 

O 

O  0  c  9 

VjJ 

UHOtO 

P“ 

Vn  H  05  N 

VO 

VO  VO  0"0 

VO 

HnO  O  M 

O 

•*» 

nO  nO  Q  nO 

NO 

nO  nO  nO  nO 

NO 

NO  nO  NO  NO 

NO 

O  nO  nO  nO 

NO  vO  OvO 

NO 

no  nO  no  nO 

NO 

nO  nO  nO  nO 

NO 

nO  'O  nO  nO 

p* 

•  9  •  • 

• 

•  •09 

0 

0  0  9  0 

P 

0  9  9  9 

vn 

UiHHH 

P- 

PMNOH 

p- 

Vn  p-  Vn  O 

fO 

O  O^J  0 

M 

MM  M 

M 

M 

H  M 

0 

O  MvO  M 

NO 

0>nO  M  no 
p-  nO  O  O 

NO 

O  nO  nO  nO 

8 

O  nO  O  nO 

0 

Vi 

Vi  MW  H 

00 

v/i 

VjJ  O  O' NO 

vn  VJ  AJ  NO 

117 

-0  p-vu  p~ 

102 

M  MM 

OnOOO 
AJ  O  CO  AJ 

102 

M 

NO  NO  NO  A) 

VjJ  O' no  O 

M 

8 

M  M 

O  'O  O  Nfj 

Co  O  vn  no 

T!  1 
C' 

f 

03 

M 

M  MM 

M 

M  MM 

M 

M  MM 

o’ 

O 

O  nO  M  O 
Vn  nO  P-  JO 

VO 

nOvOnOnO 

O 

0  vo  0  r> 

O 

O  nO  O  O 

AJ  C 

w 

V/t 

-vJ 

VJ  OnO  nO 

VO 

aj  no  cv  a> 

AJ 

tv  Vj  co  vn 

*1 

(A 

> 

KJ 

M 

M  MM 

M 

m  :  -»  m 

M 

M  :  -» 

M  M 

§ 

0 

O  no  M  O 
00  O  M  CO 

O 

000 

O 

O  nO  nO  O 

NO 

NO  O  O  O 

VJ 

P* 

VjJ 

A5  WVA  W 

M 

vn  O'  'O  vi 

NO 

nO  O  vn  AJ 

M 

M 

M  MM 

M  H 

M 

M  M 

9 

O 

O  nO  O  O 

no 

NO  N'  O  O 

nO 

nO  nO  vO  O 

NO 

NO  C5  O  O 

VJ 

AJ  On  VO  00 

NO 

VO  O' (OVA 

nO 

VjJ  no  CP-  CO 

Oj 

NO  -V  CV  AJ 

nO 

\0  vO  v  1 

vO 

vO  nO  no  no 
p*  p*  p-  p- 

NO 

NO  NO  NO  NO 

nO 

'0  NO  no  nO 

h-4 

J-^  C  O 

vnviOip- 

p- 

V/l 

P~  ^3  Vn  VJ 

vn 

0>  vn  vn  P- 

3 

•  O  CO 

9*09 

9 

9  9  0* 

9 

•  O  O  9 

<  i— » 

p- 

00  vo  00  no 

Vn 

COP-  NO  0 

P- 

-•3  Vi  nQ  vn 

O' 

p-  vn  -O  co 

c+ 

• 

VO 

OvOOnO 

NO 

vO  NO  NO  NO 

NO 

nO  nO  nO  nO 

NO 

V'O'OnO 

*3 

c-  r- 

p- 

OiPt'P 

P~ 

p-  p~  VI  J- 

VjJ 

p-  VO  AO  VJ 

VJ 

V5  P-  AJ  AJ 

H* 

:  - 

9  j 

0  9  9  9 

• 

9  •  O  « 

• 

9  0  0  9 

O 

0  O  P  0 

n 

00 

p-  00  AJ  00 

P* 

M  VO  M  AO 

VI 

M  vn  CO  O 

H 

Vn  VJ  p-  VJ 

p 

N_J.  I 

. 

M 

_ u 

o 

03 


The  Physiologic  Responses  of  V.'orking  Pen  VJ caring 
Increasing  Amount 3  of  F lr.r.cprcof ed  Twill 


he  Physiologic  Responses  of  ‘.Yorkirg  "cn  wearing 


Unable  to  continue  after  two  (2)  hours  of  walking 


F.P.(D) 


£ 

H  H  M  H 

Mo  ~0  Mo  MO 

CO 

W  H  PM 
* 

a 

K 

M  M 

1  p-  NO 

o 

o 

H>  M3 

K 

I-4  (— * 

NO 

1  NO  NO 

On 

vO 

NO  O 

vO 

nO 

nO  nO 

v/i 

• 

O' 

• 

M/l  p- 

1  •  e 

vO  vO'O 

Mn  Mn  p- 

•  I  •  • 

CO  NO  nO 


H4  NO  N'  t-1 
MO  t-1  Q  NO 
NvOOH 
H  *V\W 


H.B.T. 


5 

1  > 
<3 

a 

• 

S  o  O  O 

o 

• 

NO 

NO  NO  NO  nO 

NO 

CO 

CO  CO  CO  00 

CO 

ON 

CNP-  OOP- 

ON 

>-> 

•  t— *  1 — 1 

f— 1 

8 

8883 

8 

o 

HOMO-J 

o 

o  o  o  vo 

O  M  H  nO 
•  •00 
P~  Cg  O  nO 

H  t-1 

8, 83 

•  a  • 

P~  MO  CO 


M  V-J 

O  QnO 

O  I  O  '■O 

•  o  • 

MO  P*  CO 


M  H  (-> 
OHMvO 
Ci-J  O  O 


H  (->  M  H  M 

WVi  P  P  MO 

nOMO  -0  MO 


CLOTHING 

i _ 

GROUP 


□  :  .  ?n  r- 
r*  (J  3  H1 

uJ  1  O  3 


vO'flvOvO 
CO  00  00  no 

o*o* 

VI  MV/I  H 


H4  M  M 

O  O  O  O 
nO  O  O  O  l-4 

•  o  o  o 

v0  O  O  NO 

-1  h-1  H 

O  Q  O  O 

a  a  o  o  no 

•  •  •  • 

VI  M  o  O'  I 

HH  M 

QOvOO 

o  o  vo  o  mo 

•  •  •  • 

NHPU 


I  -1  I  1  I  -J 

OOnOQ 

O  O  vo  O 

•  •  o  o 

M  MWO 


t— 1  I—* 

0000 
O  Vi  N  Mo 


PHHH 

Mo  .?•  m  ro 

W  'so  O' 


MM-  J-* 
WVOOO 
nO  CO  no  Mn 


M  M  M 

NO  MO  M  NO 

O  W  o  0> 


t_>  l_l  PJ  V_I 

NO  NO  I— '  H  p- 

O  CM  H< -nJ 


nO  nO  nO  vO 
Wl  O'  M/1  O' 

•  •  o  • 

p-  t— *  oo  no 


M)  vO  vO'D 
pvnpp 

•  •  •  • 

O  -'O  MO  CO 


CO 

>  PM 

<  M 

CO  2 

*3  HJ 

M  *3 


j 

i  O 

M 

H* 

H  H4  I-4  NO 

c? 

Cj 

VJ1 

NO  MO  .p-  P4 

“i 

Vn 

CO  Gin  Wi  M 

k 

r. 

•-j 

HMnJO  | 

1 

CJ 

3  O 

U-  ►> 

,  ,  __ . 

•-3 

o’  o 

Lrt 

3  3 

n 

3  P‘,' 

E»J 

p.  p. 

3  3 

Mn 

CO  CM 

;v\'  •* ■  >*  <s*  •■a* 


/'W  VSy'VCtfto 


Tha 


Tho  Physiologic  Responses  of  i.'ovking 
Flcineprcof  r  ■*  Tivill  end  Horringboi 


7 


I  F.P.(D)  H.B.T. 


Cl JTHING 


>  wr“wo 

>  co  «  tc  t-* 

>  CO  «  “  |r“  t-x 

*•-» 

<3  s  H  n  N  h 

C  O  F»  M  M  o 

<  o  p»  c 

•r 

O  IJ35P  g 

C5  O  O  M  Cl  ^ 

Q  O  O  HO  3 

Q 

'  J 

« 

• 

• 

> 

p-  P-  P-  P“  P~  | 

•*  O  0  9  o  1 

f  f  f  f  r  iHES.’iVALKH) 

o  o  o  o  o 

o  o  o  o  o 

vO  >0  vO  vO  vO  vO 
»  CO  Cl  CQ  01  01 

•  •  •  •  o  o 

O'  CO  CO  O'p-  Vn 


'O  vO  vC3  '0  05 
CO  CO  SO  CO  CO 

•  O  0  ©  0 

-O  P~  VO  VO  p- 


03  vO  vC3  vO  vO  vC3 
VO  CO  CO  CO  CO  CO 

e  a  e  •  o  • 

o  O"0v/i  -o 


vO  vO  vO  'O  vO 
(0  VO  CO  'O  vO  o 

I  •  •  •  • 

UOOHO 


O  O  O  Q  Q 
00606 
•  O  C  O  0 

oo  P~  cp-a  -a 


H  M  •'  M 

8v0  O  O  vD  Q 

so  vO  O  vO  O 

•  o  •  c  *  • 


MM  M 
vO  O  Q  vO  Q 
vD  O  O  vO  O 

e  •  e  •  • 

\0  vn  M  01  JO 


O  O  O  Q  O 
hwioOm 

•  o  •  O  • 

CO  O  so  O'  CO 


o  o  o  o 

JO  M  JO  M  I 


M  M  M  M  M 
O  Q  O  O  O  Q 
O  O  M  M  M  O 

0*00*  O 

0-0  O  MW  JO 
M  M  M  M  M  M 

38838  8 

oo*o«  • 

VO  VO  M  O  VO  o 


3 

Q  °  C  o  Q 
b  o  O  M  o 

jo  o  o  o  ci 

O  VO  Q  o  O 
O  'O  O  O  O 

•  O  O  0  • 

Vo  co  O  vn  to 

M 

vO  <5  vO  O  vO 
•O  'O  >0  O  'O 

•  •  ♦  o  • 

VO  -s3  NO  VO 


8 

888^8 

p- 

M  -3  vO  -O  p- 

M 

MM  M 

8 

vocnon 

00000 

M 

VO  vn  JO  O'  P“ 

0°  2 

H- 


M  M  M 
O  M  O  vQ 
JO  -3  CO  O 


M  M  M  M  M 

O  M  O  O  'O  O 
vn  M  JO  JO  O'  -O 


M  M  M  M 
M  O  O  M  'O  I 
M  JO  CO  -J  O'  i 


M  M 

OO  O  MO 
'O  own  h>  o 


05  CD 

O 


KPStSKi  K 

vo  —a  co  O'  O'  i  vo 


M  M  M  M  M  M 
Kj  vo  m  w  m  jo 
vo  on  -0  O  O 


M  M  M  M  >-•  I 

)v>  .X-!  JO  ■  •*  j  JO 

NO  VO  V  -  .  -p-  M 


M  M  M  M  M 
JO  M  p-  M  M 
O'  M  M  M  — J 


M  M  M  M  M  M 
j.-  Vn  vn  .*>  p-  j  vo 
vn  O  O'#-  M  P~ 
* 

M  M  M  M  M 

p-  vo  vn  p-  I  jo 

-O  CO  O'  P*  03 

#  * 

MM  M 

I  VI  I  lo  |  JO 

VO  O'  CO 


0"0v0\0  o 
-0-0-0  O'  CO 

•  •  o  •  • 

O  -o  CO  vo  M 

O  O  \0  o  o 

CO  CO  —3  CO  -0 

e  •  o  o  • 

-3  M  M  JO  O' 


M  M  M  M  M  M 

VO  JO  .O  vn  JO  JO 
Vn  vO  'VO  \Q  JO 


M  M  M  M  H  M 

JO  JO  IO  VO  VO  M 
O' VO  VO  01  IO  'O 


M  M  M  M  H 
to  VO  M  vo  VO 
O  jo  -3  CO  vn 


t-  •  M  M  M  (  M 
JV.  IO  !— *  JO  Jo  j  M 
O'VO  HO  O  !  O 


HPHHH  M 
IO  M  H  N  M  M 
VO  o  M  vo  O  vO 


M  M  M  M  M  M 
JO  M  M  JO  M  H 
VO  p-  -O  VO  -0  "O 


'O  vO  vJ3  05  'O  vO 
•—3  O'  O'  — J  O'  —3 

•  •  O  O  0  9 

-s3  Vi  W 


nD  vO  nO  O  nO  J  nO 
On  -0  On  Qn  j  On 
o  ©  •  •  o  J  o 

'O  JO  p-  CO  Cl  ho 


H  M  M  M  M 
H  M  W  H  M 
—3  VO  VO  p-  O 


1-1  M  M  M  M  , 

H  M  JO  M  M  ;  VO 

-3 -3 '0-0-3  | 


M  M  M  M  M 
JO  M  M  M  M 
VO  —3  VO  p-  —3 


v£5  vO  '0  vO  'O 
'lO'JOC' 

M 

03 

3 

>  PS 

•  •  c  •  • 

H* 

<  Mi 

ooooo 

cej  p; 

• 

o- 

**3  =:  m 

'O  vO  '0  vO  vO  ] 

•n 

<*  to 

—3  O'  O'  O'  O'  ! 

M* 

oooo* 

D 

•  *0 

vnO  OX  01 

U> 

V  • 

JO  VO  JO  M  M  J  M 
JO  M  VO  vO  CO  'O 
VO  CO  —3  CO  P~  |  Ol 

M  M  O'  CO  VO  |  O' 


JO  M  M  JO  H  M 
C"J  CO  M  Vi  1—3 
vO  M  Vn  JO  p-  (VO 

VO  M  'O  VO  VO  j  -3 


JO  M  M  M  M 
J  .  ■-  'O  O' 
O'  — '  o  p— 

OH'JHVH 


M  M  H  M  ! J 
O'  JO  -!  O'  p- 
P-  MHO 

JO  vn  vn  P-  —3 


1 


*Data  taken  at  tijne  of  cessation  of  walking  -  not  used  in  averages  for  that  hour 


P.P.(D) 


H.B.T. 


NUDE 


NUDE 


CLOTHING 


GROUP 


nO  \0  nO  O 
0»^>)CO0» 

•  •  •  •  • 
O'HttftO' 


nO  nO  vO  vO  vO 
vO  O)  U»  U  CA 


vD  vO  vO  vO  \0 
vO  OJ  «  <»  CD 


o^aiooo'O  -4  uo'^  »o' 


^  t-1  :t  ci  a 

EJ  H»  t>  N  H* 

O  3  **  C  U 


vO  vO  \0  vO  vO 

-o  o*  a> 

o  o  *  •  • 

^  n>  a>>o  a> 


E  E 


i  i  i  i 


8  83888  \h 


jojoi-jo'O 


H  t*  t*  fc? 


»  NN^Wi'lpJ  NO-'JO'fl 


HHHHH 
O  Q  O  O  O 
H>  O  O  »-•  to 


S  SS^PS 

O'  MOWI'JVI 


e  e 


m  t*  f  t?  k 

OOtoO  o 
Ui  N^Ui  O 


E  EE§2£  i£ 


H  HHHHP  H 
O'  vn  Jv  j  r-  VO 
VO  *2  O  2D  -2  .p-  H> 


M  H  H  H  H 

VO  K>  O' VO  VO 

» 

H*  M 

§  $•  •  *  • 


VO  VO  2~  H*  2“  -21 
V/«  JO-2  P  H*4? 


2-  JO 

V» 


HHHH 

2-  2“  vn  vn 


VO  2-  2~  vn 
MH'OO' 
* 


J-*  PHH 
VO  tovn  JO  |  | 

VO  O'  O  VO 


G 

0>0  H  C'2'  H< 

PHHHH  H 
MMOvnW  ,\) 
u  o  w  o  o  P 

M  H  H  ,J  u  *-< 
JO  VO  >-*  .  O  1  JO 
O  JO  ^2  VO  o  VO 

MHHHH  *-> 
to  JO  (->  JO  VO  JO 
O' VO  H*  O'  JO  to 


2D  i\D  JO  Kvo 
2D  O' VO  VO  JO 


o 

w 

H* 

p 

*-9 

tool 

n\ 

i  i 

bn 

ca! 

!  US 

•-3 

vo 

g 

t?3 

2* 

< 

y->  hh  i— 

I— >  05  WOO  2D  CD'O'OO'O  O 

H  O"0VJi  JO  i  O'  -2  O'  2D  Vn  VO 


Vo  O'H'Ovn 


H*  i  O 

vo  joe 


HHHHH 
JO  I-'  JO  JO  JO 

VO  -2  0"0  O 

KKSKS 

O  VO  o  O'  o 


vO  nO  >C  vO  >0  nO 

-4  00^3  »~4  -2 

•  •  •  •  •  • 

2  IOOt2  2  O 


88883 

r  r  c  •  • 
»  2-  vo  vn  cn 
*  '*  *  # 


vO  'O  2D  2~'  vO  ]  'O  vO  vO  'O  'O  vO  I  2D 

»  -2  -2  »  a>  I  *2  222201  2 


•  •  •  a 


H  JO  2  VO  o  O'  »H  JO  0»H  12- 


'O  25  '*)  2D  o 
2202  o 

•  «  O  •  • 

to  VO  2"  O' 2“ 
*  # 


vO  2D  2  'O  2 
CO  CO  CO  Ok  no 

•  •  •  •  • 
to  Vn  2  2  2~ 


\0  \Q  \0  2D  2> 
C'2222 
•  •  »  •  • 
0»  O' 2-  O' vn 


22222 
2  032  02 


O*  00  O'  O'  |  H  1  v/* 


M  to  to  M  M 
ro  Vn  VO  2D  2D 
JO  O'  2D  vn  vn 

r  2222 


WHHMH 
2*  O'  O  vn 
2  2  C3  O'  O 

-2  x-  CO  VO  2D 


HJOIO  HH 
25  JO  VO  *2  -2 
2~  2D  JO  2~  2) 

2i-Wi20 


ft 

vj 


The  Physiologic  Responses  of  Working  Ren 
Wearing  Flau.proofed  Tuill  and  Herringbone  Twill 


93.7  101.0  101.6  101.7  101.9  101  135  IV*  133  1U3  95.9  93./+  1397 


a  ^  w 
< 

K  Q 

1  P 


•*L 

'  O  K! 

'  3 

o  (D 


F.P.(D) 


H.B.T. 


NUDE 


NUDE 


HNHHH 


vQ  vO  vO  vTi  nO  nO 

ca  ©  ©  ©  ©' o 

•  •  •  •  •  • 
ON  >0  O'O'H  O 


•£-  JO  JO  1—  Co 


vD  vO  vO  vO  vO 
©  ©nO  ©nO 

•  •  •  •  • 
OO'OO'H 


p 


bbi)b  o 


s  sssss 

M  JO  JO  JO  J-*  JO 
•  •  •  •  •  • 
NO  O  JO  VO  H  H 


«  r  r?  w  o 

J3  H*  H  N  H* 

o  3  ►<  C  5 


nO  nO  nO  n£>  nO 
»  ©  ©  »  © 

•  •  •  o  • 

NO  0"«n  O  O' 


88838 

•  •  •  •  • 

o  CO  VO  c»  O' 


107 

92 

111 

114 

105 

111 

(-* 

£ 

HHHHH 

Is 

'vn 

hh  h-  h 

OH'OOO 
Vn  O'  JO  © 

155 

HHHHH 
'n  \n  O'  vn 

nO  O  vn  .f-  no 

vn 

$- 

HHHHH 
vn  vn  O'  vn 

©nO*“  JO  O' 

c 

H* 

HHHHH 
Vo  H-*  JO  VO 

»H*“nO  JO 

147 

HMHHH 
■fc-  O-  Cr>  vn 

t-> 

Vn 

MMMHM 
vn  -nJ  Vo  vn 

VJ  H  wi  O' 

*  * 

« 

co 

Jo  JO  vn 

i  > 

1  1  1  1  1 

M 

' s 

vn  I  vn  I  vn 

°  ?  S 

O' 

SSGCS 

©vn  JO  ©  © 

t 

1  1  1  1  1 

t— * 

Vn 

O' 

vn  1  1  1  1 

o* 

« 

NO 

M  H  H  H  H 
VO  vn  JO 

JO  O' VO  H> 

NO 

O' 

• 

NO 

nO  nO  nO  nO 

O'  O'  O'  O'  1 

•  •  •  • 

O  O' VO 

NO 

O' 

• 

VO 

>0  vO  vO  vO  vO 

•  •  •  •  • 

>o 

V-n 

• 

VA 

vO  O  vO  vO  vO 
VtVA  O' 

•  •  •  o*»  • 

VA 

'0 

I1 

u 

'fl'O'O'O 
'O  00  NO  CO  1 
•  •  •  • 

VO  vn  O  vn 
iJc  a*  #  # 

$ 

• 

iO 

vO  nO  'O  vO  O 
nO  G*  C*  0*0 
•  •  •  «  • 

JO  VO  VO  J-* 

*  *  >Jc  # 

O 

• 

w 

vf)  vO  vO  \D  vO 
-*0  CT*^3  C& 

*€»••• 

.'OWCD^H 

HHHHH 
JO  (O  O'  JO  VO 
NO  O'  JO  VO  JO 


vn  vn  nO  ©  'O 


nO  nO  nO  nO  nO 
ONVn  vn  vn 

•  •  •  •  * 
©  ©  H  VO  nO 


nO  nO  nO  nO  v<5 
'J'JO'nJ  O' 

•  •  •  •  • 
VO  H  nO  H  CO 


©  h"n  £-j 

a  co  o 

<*  *  se 

K  Oi-3 
*1  l o 

•  <*■  f 


Tho  Physiologic  Responses  of  forking  Ifen 
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TA3LE  12 


Weight  of  Test  Clothing  3efore  the  First 
and  After  the  Last  Wear 

(Data  are  the  Average  of  Ten  Uniforms) 


TABLE  13 


The  Sweat  Absorbed  by  Flameproofod  and  Kerrinwbono 
Twill  T-o-Piece  Fatigue  Uniforms  During  Work  in  Hot  Environments 


(Data  are  the  Average  for  the  Clothing  of  Five  Lien) 


• 

ENVIRONMENT  AND  TYPE  OF  GARMENT 

j  D.3.  120°F. , 

nszm 

D.3.  93°F., 

W.B.  92°F. 

ESHoi 

Flamcproofed 

Twill 

Herringbono 

Twill 

Hours  of  Wear 

3.5 

4.3 

4.2 

3.9 

Water  Absorbed  (Grams) 

Jacket 

3C6 

697 

370 

719 

Trousers 

305 

697 

381 

721 

Assembly 

611* 

1394 

751 

1440 

Total  Sweat  of  Suojects 

S1S2 

8466 

8040 

6640 

(Grams) 

1 

1 

1 _ 

*  The  clothing  assembly  of  the  two  men  who  walked  for  tho  entire  period 
had  an  avorago  water  uptake  of  663  grams,  while  tne  clothing  of  the 
remaining  three  men,  walking  an  average  of  2.4  hours,  had  an  uptake 
of  577  grams. 


TABLE  —4 

The  Increased  Uptake  of  Sweat  by  Flameproof ed  Garment e 
During  Repeated  Wear  in  Hot  iiwironments 

(Data  are  the  Avorago  for  the  Clothing  of  5  ken) 


EKViaOJaiENT  AND  TYPE  OF  GA5HENT 

1 _  - 

• 

• 

D.B.120°F.,W.B.88°F. 

D.B.120°F.,W.B.88°F. 

D.B.120°F.,W.B.90°F. 

Flameproof ed 
Tivill 

Flameproof ed 

Tivill 

Flameproof cd 
TV/ill 

No*  of  Hours  Previous 
Wear. 

4.6 

23.3 

Hours  of  Wear 

3.6 

4.2 

3.5 

Water  Absorbed  (Grams) 

Jacket 

130 

184 

306  • 

Trousers 

123 

182 

305 

Assembly 

253 

! 

366 

611* 

Total  Sweat  of  Subjects 

|  (GiTweafl) 

5427 

7080 

8182  ' 

» 

J 

♦See  Footnote  in  Table  13. 
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TABLE  15 


The  Sweat  Absorbed  by  the  Individual  Layers  of  the 
Two  Layered  Flameproofed  and  Herringbone  Twill 
Fatigue  Uniform  During  Work  in  Moderately 
K-t  Environments 

(Data  are  the  Average  for  the  Clothing  of  4  Men) 


i 

1 

ENVIRONMENT  AND  TYPE  OF  GARMENT 

D.B.  100°F., 

W.B.  S0°F. 

D.B.  1C0°F., 

W.B.  36°F. 

'Tlameproofed 

Not 

Flane proofed 

Flameproof ed 

Not 

Flaaeproofcd 

Hours  of  Wear 

4.3 

4.3 

4.3 

4.2 

Water  Absorbed  (Grama) 

Twill  Outer  Garments 

203 

609 

307* 

1175 

Cotton  Under  Garments 

550 

507 

644* 

1106 

Total  Sweat  of  Subjects 

4330 

4040 

6492* 

6652 

(Grama) 

*Data  on  3  nen  only  -  the  data  of  the  one  man  who  failed  to  finish 
four  hours  of  walking  excluded. 


1 


TABLE  16 


The  Water  Uptake  by  Individual  Items  of  the  Two 
Layered  Flamcproofed  and  Herringbone  Twill 
Uniforms  Immersed  in  Tap  Water 

(Data  is  the  Average  of  Two  Sot3  of  Clothing) 


3“ 

Weight  of 

Water  Uptake 

Water  Uptako  ; 

it 

Garments  in 

’After  Soaking  in 

After 

Soaking  in 

!  Equilibrium  at 

1  Water  (72°F.)  for 

J  Water  (72°F.)  for 

Four  Hours 

|  Forty-five  Hours 

TYPE  OF  GARMENT 

D.B. 

120°F, 

1 

W.B. 

7  S°F. 

« 

f 

(Gra 

ns) 

( 

Orar.s ) 

jj  OUTER  GAR12NTS 

Jacket 

Trouaors 

Jacket 

Trousers  j 

1  Jacket 

Trousers 

1  1 
i  Herringbone  Twill,  Unwom 

778 

615 

749 

682 

864 

700 

*  Flameproof  Twill,  Unworn 

1123 

8  88 

506 

362 

559 

384 

? Herringbone  Twill,  Korn 

778 

670 

854 

777 

835 

747 

j  Flameproof  Twill,  Worn 

1123 

955 

562 

509 

664 

513 

Under- 

Under— 

Under- 

*  LONG  UNDERGARMENTS 

shirt 

Drawers 

shirt 

Drawers 

1  shirt 

Drawers 

1  Cotton  Regular,  Unworn 

265 

236 

543 

430  | 

591 

514 

Cotton  Flameproof,  Unworn 

348 

313 

441 

281  i 

j 

525 

323 

Cotton  Regular,  Korn 

225 

240 

607 

473 

708 

595 

Cotton  Flameproof,  Worn 

360 

339 

596 

445 

504 

456  - 

^  dL 


TABLE  17 


Quantitative  Determination  of  the  Reduction  in  Evaporative 
Heat  Loss  Due  to  Flameproofed  and  Herringbone  Twill 
Uniforms,  in  a  Hot  Environment 

D.B.  120°F • ,  W.B.  92°F. 

(Average  of  Two  Subjects) 


• 

1  ,, 

NUDE 

4ERRING30NE 

TWILL 

FLAilEPROOFED 
TO  ILL 

PRE-V.  ETi'ED 
FLAEEPR00FED 
TWILL 

Evaporative  Heat  Loss 
Cal/^/Hr. 

160.7 

133.2 

117.7 

1 

163.4 

1 

Evaporative  Heat  Loss 

Cal Ar Air.  per  mmHg 

Vapor  Pressure  (8-a)« 

9.9 

8,6 

7.1 

9.7 

Change  in  Heat  Content 
CalAr2/Hr. 

-2.4 

8.2 

14.4 

6.2 

Air  Temp,  D.B.  °F. 

121.6 

120.0 

121.1 

120.2 

Vapor  Pressure  of  Air, 
mmHg. 

29.2 

30.2 

30.2 

30.5 

o 

Final  Rectal  Temp.  F. 

100.9 

101.5 

101.6 

100.8 

0 

Average  Skin  Temp.  F. 

97.7 

97.7 

98.4 

98.9 

Vapor  Pressure  at 

Skin  Temp.  (s_a)  mmHg. 

16.5 

15.6 

16.5 

17.0 

Sweat,  Qn/Hr.  Total 

1920 

1548 

1899 

1833 

Sweat,  Gm/Hr.  Evaporative 

550 

458 

406 

568 

%  -  skin  temperature 
a  -  air  temperature 
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